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Vinegar Fermentation and Home 
Production of Cider Vinegar
B y  A l v in  R .  L a m b  a n d  E d i t h  W i l s o n
V in eg ar is an  im p o rtan t by-p roduct on m any Iow a farm s, 
u tiliz ing  a considerab le p a r t  of th e  app le  crop w hich w ould 
o therw ise be w asted  by spoiling, o ften  on accoun t of d ifficu lty  
in  m ark e tin g . The apple crop of Iow a am ounts to  betw een  
th ree  and  fo u r m illion do lla rs  p er y ea r and  a m ore efficient 
hom e p ro duc tion  of v in eg ar from  culls and  w indfa lls w ould 
re su lt in  a la rg e  saving.
M any inqu iries are  received by the  Iow a A g ricu ltu ra l E x ­
p erim en t S ta tio n  reg a rd in g  d ifficu lties or fa ilu re  in v inegar 
m aking. In  m any cases the  v in eg ar never reaches the  legal 
s ta n d a rd  of s tre n g th  fo r m ark e tab le  v inegar, w hich is 4 p e r­
cent of acetic  acid. This is genera lly  due to  con tam ination  of 
the fe rm en tin g  v in eg ar w ith  bac te ria  or o ther m icro-organism s 
w hich cause w hat are  called " f o r e ig n ”  or unfavo rab le  fe rm en ­
ta tions, th u s chang ing  the  su g ars  to som ething else th a n  the  
acetic  acid w hich is desired . These co n tam in a tin g  bac te ria  
also som etim es im p art an  un favo rab le  or d isagreeab le  flavor 
to  the v inegar, as well as p rev en tin g  the developm ent of the 
p ro p er am ount of ac id ity , w hich is necessary  fo r p ro p er p re se r­
vation  as w ell as to  m eet the legal s ta n d a rd  if the  v in eg ar is 
to be offered fo r sale. In  a few  cases the low ac id ity  p roduced  
is due to  the  use of apples too low in su g ar conten t, o r to  d ilu ­
tion  of the  cider w ith w ater. The cause and p reven tion  of 
these d ifficu lties is to be discussed in th is  bu lletin .
The process of v in eg ar m ak ing  is both a chem ical and  a bio­
logical process, th a t is, chem ical changes are  b rough t about 
by biological o r liv ing agents. T herefo re  the  p ro p er condi­
tions m ust be m ain ta ined  in o rd er to secure a sa tis fac to ry  
p roduct, as the  liv ing  agen ts  in any  such process are  very  sen­
sitive to th e ir  environm ent.
The la t te r  p a r t  of tlxis bu lle tin  deals w ith  the  m ethods of 
m aking  v in eg ar on the  farm  and  the  p recau tions w hich are  
necessary. The com m ercial process of v inegar m aking, used 
by la rg e  m an u fac tu rers , is not discussed a t a ll as the  experi-
en ts w hich are  rep o rted  deal only w ith  the p rep a ra tio n  of 
v inegar as a fa rm  by-product, using  unspoiled  apples w hich 
w ill not keep, w indfalls, fro sted , o r o ther cull apples. The 
com m ercial, or “ quick v inegar p ro cess ,”  produces v in eg ar in 
a few  days, bu t is su itab le  only fo r m aking  v in eg ar on a la rge  
scale. The old process req u ires  several m onths of tim e, bu t
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4com paratively little  labor or equipm ent. I t  is therefore su ita ­
ble fo r  th e  fa rm  w here only a litt le  tim e can be spared .
V in eg ar is m ade, both  in  th is co u n try  and  in  E urope, from  
various w aste  saccharine  or alcoholic liquids, such as molasses 
o r su g ar residues from  refineries, low -grade wine, and  also by 
th e  destru c tiv e  d is tilla tio n  of wood. These sources fu rn ish  a 
considerab le p a r t  of the v in eg ar supp ly  and the  v inegar m ade 
from  o th e r f ru i t  ju ices th a n  apple fu rn ishes a sm aller p a r t  of 
th e  to ta l. The fav o rite  v in eg ar in  th is co u n try  is th a t m ade 
from  apple cider, because of its  flavor.
RESULTS OF OTHER INVESTIGATIONS
The process of fe rm en ta tio n  of c ider v in eg ar has been s tu d ­
ied u n d e r various conditions, bu t the  re su lts  ob tained  are  not 
alw ays un iform . 'W here the  usual m ethod of s to rage  in  b a r­
re ls in  cellars has been follow ed, it  has been rep o rted  th a t  two 
to  th ree  y e a r s ’ tim e is necessary  to  com plete the  acetic fe r ­
m entation .
V an Slyke of the New Y ork S tate  A g ricu ltu ra l E xperim ent 
S ta tio n 1 rep o rted  an  extensive s tu d y  of the  home m anufac tu re  
of c ider v in eg ar in 1904. A ccord ing  to his resu lts , the  alco­
holic fe rm en ta tio n  of c ider kep t a t a ce llar tem p era tu re  of 45° 
to  55° F . w as com pleted in  abou t 5 to  6  m onths. The acetic 
acid  fe rm en ta tio n  th en  follow ed and  w as com plete in  a period  
v a ry in g  from  15 to  24 m onths longer. I t  w as concluded by 
V an  S lyke th a t the  acetic fe rm en ta tio n  p roceeded  m ore ra p id ­
ly  and  sa tis fac to rily  a t  a tem p era tu re  ran g in g  from  50° to 
90° F . th an  from  45° to  65° F . C ider k ep t in  one-quart bo ttles 
w as rep o rted  to  have reached  a to ta l acid con ten t of from  4.3 
p e rcen t to  7.0 p e rcen t in  6  m onths, b u t the  resu lts  w ere no t 
uniform . I t  w as also concluded th a t  add ing  “ m other of v ine­
g a r ”  w hen the alcoholic fe rm en ta tio n  w as about com plete 
h astened  som ew hat the com pletion of the  acid ferm en ta tion . 
V an  S lyke also describes the loss of acetic  acid  in  old v inegar 
w hich resu lts  from  con tam ination  w ith  organism s w hich d e ­
s tro y  the  acid in  the  presence of air.
E X P E R I M E N T A L
The purpose of the  experim ents rep o rted  here  w as to  follow  
th e  fe rm en ta tio n  of c id ar v inegar u n d e r such conditions as ob­
ta in  in  its  m an u fac tu re  on the farm . F u r th e r  objects w ere to 
test the value of frozen  apples, also of d ifferen t varie ties of 
apples, an d  to discover, if  possible, the reasons for the frequen t 
fa ilu re  of fa rm ers  in  th is  s ta te  to secure a p ro p er v inegar fe r ­
m entation .
’V an Slyke, L .L ., Bui. N. Y. (Geneva) Ari*. Exp. S ta . 258 (1904).
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5V inegar was m ade in  sep ara te  lo ts from  a num ber of d iffer­
en t varie ties of apples in  the  fa ll of 1917*. The ju ice  w as 
pressed  out in  a c ider m ill, p laced in  clean five-gallon kesrs, 
and  sto red  in  an  u n h ea ted  room , beg inn ing  abou t Nov. 1. The 
tem p era tu re  v aried  from  abou t 45° to  65° F . Sam ples w ere 
tak en  a t  in te rv a ls  of tw o or th ree  w eeks a t first, th en  a t in te r ­
vals of about one m onth .
The sam ples w ere tak en  so as to  avoid  as m uch as possible 
d is tu rb in g  the  fe rm en tin g  m ate ria l an d  the  su rface  film. A fte r  
filtra tio n , vo latile  and  fixed ac id ity , sugars, an d  alcohol w ere 
determ ined . V olatile  ac id ity  w as determ ined  b y  d is tilla ti n 
and  ti tra tio n  w ith  p h eno lp litha le in  as in d ica to r an d  rep o rted  
as acetic  acid. The sugars w ere de te rm ined  as sucrose, glucose 
and  fructose  by  the  po lariza tio n  m ethod  used  by  Thom pson 
and  W h ittie r 2 in s tu d y in g  the  su g ars  of apples. A lcohol was 
de te rm ined  by the  ae ra tio n  m ethod of D ox and  L am b3.
The first seaso n ’s v in eg ar w as follow ed by  analysis fo r only 
th ree  to  th ree  and  one-half m onths. The d a ta  secured  are  
show n in tab les I  and  II. W hile  th e  fe rm en ta tio n  w as s till 
incom plete a t  the  tim e of the  la s t analysis recorded , tw o very  
in te re s tin g  fac ts  a re  evident. The first is the ra p id  fe rm e n ta ­
tion  of the  v in eg ar m ade from  apples frozen  on the  trees. The 
appearance  of the  fe rm en ta tio n  an d  the  ch a ra c te r  of the  final 
p ro d u c t w ere as sa tis fac to ry  as the  d a ta  show ing th e  p rog ress 
of the  fe rm en ta tion . This w as co rro b o ra ted  by  the  re su lts  of 
the th ird  seaso n ’s w ork. The ra p id ity  of th e  fe rm en ta tio n  is 
analagous to  th a t  observed in  the  case of silage m ade from  
artific ia lly  frozen  corn  by L am b4. This effect is p ro b ab ly  due 
to the stim ulation of enzyme ac tiv ity  by  the destruction  of 
the p lan t cells by freezing. I t  is necessary, however, to use 
the  frozen or fro sted  m ate ria l as soon as possible, to  p reven t 
the  spoilage w hich w ould soon follow  the  th aw in g  of th e  a p ­
ples. The chief significance of th is  observation  is th a t  th e  
fru it-g ro w er m ay m ake a considerable sav ing  by  u sing  apples 
frozen  on the  trees, w hich otherw ise w ould spoil, fo r  th e  m anu­
fac tu re  of v inegar.
The second im p o rtan t fac t to be no ticed  in  tab les I  and  II  
is th a t the acetic acid ferm entation begins soon a fter  the alco­
holic ferm entation  and  th a t the two go on simultaneously fo r  a 
time. The p resen t u n derstand ing  th a t  the alcoholic ferm enta­
tion  continues fo r several m onths and  is followed by  the acetic 
ferm entation , w hich is usually  the basis of directions fo r m ak­
in g  v inegar, seems to  have been derived  from  the above-men-
♦The first season’s w ork was carried  on by M r. G. W . R oark, J r . ,  form erly  'of the 
C hem istry Section.
2Thom pson and  W hittie r, Bui. Del. A gr. Exp. S ta . 102 (1913).
:{Dox, A. W ., and Lamb, A. R., J .  Am. Chem. Soc. 37, 2561-8 (1916).
‘ Lam b, A. R., Res. Bui. Iowa A gr. E xp. S ta. 40 (1917).
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6TA B LE I. TOTAL SUGARS BY PO LA R ISCO PIC  M ETHOD (F IR S T  SEASON)
Age Fresh 31/-* weeks 5 weeks 7 weeks
V arie ty Total Total Total T otal
No. of sugars sugars sugars sugars
apples percen t percen t percent percen t
203 Ben Davis 14.80 4.40 4.15
204 Ben Davis 11.00 4.65 3.80
215 W inesap 12.65 8.25 8.40
219 Ben Davis 1 0 .I t 9.50 7.25
225 W inesap 13.80 9.65 5.85
226 Ralls 10.70 7.90 6.70
233 W ealthy 8.45 7.45 3.00
244 M issouri F la t 9.60 7.00 5.35 .........
245 Pew aukee 10.70 5.50 4.70 4.75
tioned  w ork  of V an  Slyke. H is d a ta  show a rem ark ab ly  u n i­
form  progression  of th e  alcoholic fe rm en ta tio n  d u rin g  several 
m onths, finally  reach ing  an alcoholic con ten t in  six m onths 
of 6  to 7 percen t w ith  abou t 0.5 p e rcen t acetic acid. D uring  
the  n ex t 12 to  24 m onths the  acetic  acid slow ly increases, ac ­
cord ing  to V an S ly k e ’s d a ta , to  5 to  9 percen t. The la te  a p ­
pearance  of the  acetic  fe rm en ta tio n  in  his experim en ts does 
not agree e ith e r w ith  our re su lts  or w ith  the experience of the 
w ine in d u stry . In  th e  case of w ine or cider-m aking , the  cider 
m ay not be le ft exposed to the  a ir  a f te r  the first ten  days or 
tw o weeks, d u rin g  w hich tim e the  m ost active fe rm en ta tio n  
occurs. I f  a ir  continues to  have access th e re a fte r , a w hite  film 
of acetic organism s soon appears and  the  fo rm ation  of acetic 
acid begins. This coincides w ith  our observations in  m aking  
vinegar.
I t  is possible th a t  low tem p era tu res  influenced V an S ly k e ’s 
resu lts , bu t m any of our experim en ts w ere ca rried  on a t tem ­
p e ra tu re s  v a ry in g  d u rin g  th e  w in te r m onths from  30° to 60° 
F . In  the  first and  succeeding seasons, our v in eg ar usually  
reached  an  acetic  acid  con ten t of 4 p e rcen t in  about e igh t or 
nine m onths a f te r  the  ju ice  w as pressed. In  a num ber of cases 
th is  am ount of vo latile  ac id ity  w as found  in  m uch less tim e, 
especially  in the case of v in eg ar m ade from  frozen apples.
FERMENTATION OP THE SUGARS
Sucrose, or cane sugar, and  th e  sim ple sugars, glucose and  
fructose, a re  all found  in apples. The fructose, also know n as 
levulose, is genera lly  found  in la rg es t am ount. O ur re su lts  on 
th is  po in t ag ree w ith  those of EofP  and  o thers. The polariscope 
m ethod used fo r the sep ara te  d e te rm in a tio n  of these sugars is 
not en tire ly  sa tisfac to ry , as the  possible e rro r  is m ultip lied  by 
the tak in g  of th ree  polariscope read in g s u n d e r d iffe ren t condi­
tions, and  by the estim ation  of the glucose and  sucrose by  d if­
ference. The fo rm ation , a f te r  several w eeks of fe rm en ta tion ,
'’Eoff. J .  R .f J . Ind. Eng. Chem. 9, 587-8 (1917).
6
Bulletin, Vol. 18 [1923], No. 218, Art. 1
http://lib.dr.iastate.edu/bulletin/vol18/iss218/1
7of a vo latile  reduc ing  substance, ace ty l m ethy l carb ino l, first 
iden tified  by Browne", also in te rfe re s  w ith  the  de te rm in a tio n  
of sugars by both optical and reduction  methods, and  w ith the 
d e te rm in a tio n  of alcohol. This substance is op tica lly  active 
an d  y ields acetic acid and  alcohol on hydro lysis. On account 
of th e  in te rfe ren ce  of th is  substance w ith  these estim ations, 
th e  alcohol figures a f te r  a m axim um  of 15 w eeks a re  no t re ­
ported .
The su g a r figures also a re  no t rep o rted  a f te r  7 w eeks of fe r ­
m en ta tion . Q ualita tive  te s ts  fo r the presence of th is  volatile  
reduc ing  substance w ere used to  determ ine  the  stage  a t w hich 
it began to in te rfe re  w ith  the  an a ly tica l d a ta .
The to ta l sugars in the first seaso n ’s sam ples of v in eg ar are  
show n in tab le  I. The sep ara te  figures fo r sucrose, glucose 
and  fructose  fo r the  second and  th ird  seasons’ w ork  are  show n 
in  tab le  I I I . The to ta l su g ars  w ere also de term ined  d u rin g  the 
th ird  season by redu c tio n  w ith  F e h lin g ’s solution. In  some 
cases the  am ount of to ta l sugars by the  redu c tio n  m ethod 
cheeked the op tica l m ethod as closely as 0.2 percen t. In  o ther 
cases the  difference w as abou t 1.0 p ercen t in  10 percen t. As 
suggested  above, the  tre n d  of the fe rm en ta tio n  m ay be fo l­
low ed by m eans of the figures given fo r sugars, bu t they  
should  not be considered accu ra te , on account of the  lim ita ­
tions of the  m ethod used. The fe rm en ta tio n  d u rin g  the  th ird  
season was m uch m ore rap id  th a n  in the second season. A 
considerab le hydro lysis of s ta rc h  also occurred, as show n by 
the  fo rm atio n  of m ore acetic  acid th a n  the equ ivalen t of the 
su g ars  o rig ina lly  presen t.
FORMATION OF ALCOHOL AND ACETIC ACID
D u rin g  the  second and  th ird  seasons’ w ork  a num ber of va­
ria tio n s of the  experim en ta l conditions w ere tried , w ith  the 
purpose of observing the  effect on the fe rm en ta tion . Some of 
the  sam ples w ere kep t in an  u n h ea ted  a ttic  room  in w hich the 
average tem pera tu re  was about 50° F . O thers were kept at 
the  tem p era tu re  of the  lab o ra to ry , abou t 75° F . C erta in  sam ­
ples, as in d ica ted  in  tab les IV  and  V, w ere inocu la ted  w ith  
F le isch m an 's  yeast, ‘‘m other of v in e g a r,”  or both , and  one 
w as inocu la ted  w ith  a pu re  cu ltu re  of v in eg ar bac te ria  w hich 
is fu rn ish ed  by the M ichigan A g ricu ltu ra l E xp erim en t S ta tion  
to  the fa rm ers  of th a t  s ta te . Sam ple No. 303 received an  ad d i­
tion  of n u tr itiv e  salts, m ain ly  po tassium  phosphate , and  su­
crose. The fe rm en ta tio n  proceeded fa s te r  in  th is sam ple, bu t 
the u ltim a te  re su lt is doub tfu l, as fo re ign  b ac te ria l g row th  oc­
cu rred  in th is  sam ple. F u rth e rm o re , only one experim ent was 
tr ie d  on th is  point.
eBro\vne, C. A., J .  Am. Chem. Soc. 25, 16 (1903).
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TA BLE II. FORM ATION OF ALCOHOL AND ACETIC ACID (F IR ST  SEASON*
Age 3 x/> weeks 5 weeks 7 weeks 11 weeks 15 weeks |
No.
V ariety
of
apples
Alcohol
percent
Acetic
acid
percen t
Alcohol
percent
A c :t‘.c
acid
percent
Alcohol
percent
Acetic
acid
percent
Alcohol
percent
Acetic
acid
percent
Alcohol
percen t
Acetic
acid
percen t
Rem arks
203 Ben Davis 1.70 1.20 2.19 1.48 1.76 2.12 1.14 2.86 Frozen on trees
204 Ben Davis .... 1.85 1.97 1.95 3.00 1.58 3.16 0.40 4.05 Frozen on trees
215 W inesap 0.53 1.06 4.47 1.92 4.44 0.33 5.41 Frozen
\ Frozen several
219 Ben Davis 0.38 1.79 0.19 1.83 0.53 2.06 .... ■j tim es. Moldy
[ ta ste  in cider
225 W inesap 2.33 1.10 1.32 4.51 0.60 5.48 Frozen on trees
226 Ralls 1.97 0.80 1.54 1.18 1.05 3.10 Froze n
233 W ealthy 0.46 0.18 0.88 2.33 0.78 3.16 .... W indfalls
244 M issouri F la t 0.80 0.23 1.52 0.83 0.55 1.55
245 Pewaukee 1.95 0.20 1.54 1.35 0.50 3.12
Co
TA BLE III. SUGARS IN VINEGAR BY PO L A R IS C O P E  METHOD (SECOND AND THIRD SEASONS)
Age Fresh 1 week 2 weeks 4 weeks 7 weeks
No. Fructose Glucose Sucrose Fructose Glucose Sucrose (Fructose Glucose Sucrose Fructose Glucose Sucrose Fructose Glucose Sucrosepercent percent percent percen t percent percent i percent percent percent percent percent percent percent percent percent
304 7.70 9.60 0.75 1 3.35 4.70 0.30 | 2.05 1.35 0.25 1.75 1.25 0.80 | 0.95 1.25 0.45
309 9.30 7.65 1.45 1 6.10 6.75 2.80 1 6.40 3.55 0.65 2.1!) 0.20 0.45 1 0.95 0.85 1.05
311 9.30 7.65 1.45 5.60 1.85 2.75 3.83 0.85 0.75 2.45 1.70 0.25 0.80 0.25 0.75
313 9.30 7.65 1.45 6.40 2.65 2.35 4.65 1.35 0.15 2.55 0.45 0.55 1.30 0.15 0.30
315 5.75 0.45 3.25 4.65 0.15 2.80 1.60 0.00 0.10 1.60 0.75 0.30 0.15 0.45 0.00
317 5.75 0.45 3.25 3.05 1.30 1.30 1.60 0.15 1.45 2.55 0.45 0.45 1.95 0.35 0.00
403 6.55 2.80 3.65 4.80 3.30 0.65 2.10 0.00 0.00
404 6.55 2.80 3.65 4.35 3.95 1.60 0.00 0.00 0.00
410 5.15 1.35 0.00 3.25 1.30 0.40 . . . . . . . .
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TABLE IV. FORM ATION OF ALCOHOL AND V O LA TILE ACID (SECOND SEASON)
Age 1 week 2 weeks 3 weeks 5 weeks 10 weeks 14 weeks 22weeks
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Rem arks
303*
304*
305t
50°
75°
50°
0.0
0.0
0.02
.. ..
. . . .
2.20
0.15
0.13
0.09
2.71)
2.41
2.14
0.16
0.20
0.15
1.38
0.94
2.11
0.32
0.68
0.45
2.33
1.95
1.71
0.85
1.60
1.56
1.87
1.76
1.94
2.63
2.07
3.39
3.51
3.97
2.44
2.55
4.41 7.63 Uninoculated
307 f 50° 0.02 0.96 0.07 1.91 0.09 2.22 0.18 2.11 0.82 . . . . 1.51 2.08 3.20 7.07 Inoculated w ith “m other of v inegar”
309 f 50° 0.01 1.49 1.56 0.07 2.71 0.23 2.51 1.05 . . . . 1.93 3.84 2.71
S alt m ixture  and 
sugar added
3111 50° 0.01 1.36 0.02 1.78 0.05 2.25 0.19 2.20 0.84 . . . . 1.29 2.70 2.87
Control for 
309 and 313
3131
315$
317$
50°
50°
75°
0.59
1.53
0.01
0.05
0.13
0.03 1.73
2.22
1.93
0.07
0.44
0.30
2.31
2.41
2.58
0.27
0.72
0.72
2.20
1.52
1.00
0.65
1.82
1.94
. . . .
. . . .
1.28
2.72
3.45
2.69
3.79
4.03
3.41
4.39
4.35
.. ..
Inoculated first 
day with
“ m other of v inegar
•Samples m arked w ith the asterisk  a re  made from  the sam e lo t of cider, a m ix tu re  of W olf R iver, Jo n a th an  and Grimes culls, 
t  S'amples m arked w ith the dagger are made from  one lot of cider, a m ix tu re  of equal pa rts  of Jo n a th an  and G reening varieties. 
^Samples m arked w ith the  double dagger a re  from  one lot of cider.
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TA B LE V. FORM ATION OF ALCOHOL AND V O LA TILE ACID (THIRD SEASON)
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R em arks
401* | 50° .... ....  | .... . . . . .... .... .... . . . .  i . . . .  i . . . .  i 5.70 U ndisturbed in keg
402* 76° . . . .  i ....  i . . . .  i 6.55 U ndisturbed in keg
403* 75° 3.16 0.07 1 4.36 | 4.73 3.03 0.56 1.83 ] 1.16 | ....  i 2.92 6.58
404* 50° 2.81 0.10 | 4.47 | . . . .  1 4.93 0.83 1.98 2.43 1.20 1 4.85 0.67 | 6.75 | Control fo r 405,406,407
1 i 1 1 1 1 Inoculated in
405* 1 50° ....  i .... ....  | 6.05 M 3 weeks with
1 1 ! : 1 v inegar
1 Inoculated w ith
406* 1 50° .... .... 4.47 yeast, and in 3
1 1 I 1 1 weeks w ith v inegar
1 1 l Inocu 'ated  in
407* 1 50° .... .... . . . . .... . . . .  j 6.15 3 weeks w ith vinegar
1 I I 1 I cu ltu re  from  Michigan
1 1 I From  frozen
410t 1 50° 2.65 0.0  | 4.43 | 0.64 | .... 3.40 0.90 3.15 1 2.08 1 .. . .  i 6.52 {
1 1 i . . 1 J ____ ...11 apples
♦Samples m arked with the asterisk  a re  all from  the sam e lot of cider, made from  a  m ix ture  of several fall and w in ter varieties of cull apple.?. 
tSom e of these apples were frozen on the trees a n j  had tu rned  brow n and shriveled. O thers were frozen on the  ground and in boxes, and 
allowed to thaw  out before pressing.
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In ocu la tion  w ith  various cu ltu res  d id  no t give very  sa tisfac ­
to ry  resu lts  in these experim ents. In  no case w as the  am ount 
of acetic  acid form ed n ea rly  as g rea t as in  the  un inocu la ted  
controls. (See tab les IV  and  V.) In  these experim en ts the 
best re su lts  w ere ob tained  w ith  c lean  vessels, the  n a tu ra l flora 
of the  apples and  u n d is tu rb ed  fe rm en ta tion .
In  o rd e r to  avoid the  d isad v an tag es of the  sink ing  of the 
su rface  film, im provised ra f ts  of tw o or th ree  clean oak strip s  
w ere supported  by s trin g s  a t the su rface  of the  v in eg ar in all 
th e  th ird  seaso n ’s sam ples. This p rev en ted  the  sink ing  of the  
film and  the  consequent accum ulation  of considerable sedim ent 
in  th e  bottom  of th e  containers. W h e th e r due to th is  or o ther 
circum stances, the  fe rm en ta tio n  d u rin g  th e  th ird  season was 
m ore ra p id  th a n  in the  second. N eith er w as th e re  an y  case of 
decrease of acetic  acid due to un fav o rab le  ferm en ta tion . I t  
is possible th a t the sunken film w ill in some cases fu rn ish  m a­
te r ia l  fo r  un fav o rab le  fe rm en ta tio n  u n d e r the  conditions of re ­
s tric ted  oxygen supp ly  a t the  bo ttom  of the  liquid . I t  is cer­
ta in  th a t  in  some cases a loss of acetic  acid occurs, p robab ly  
due to various unfavorable or contam inating  conditions. It is 
g enera lly  possible to avoid such loss by tho ro  cleanliness th ru - 
out the  process and  p ro b ab ly  also by a tte n tio n  to o ther de­
ta ils, such as su p p o rtin g  the  su rface  film as described  above 
and  by avo id ing  inoculation  unless w ith  pu re  cu ltu res. O ur 
resu lts  on these la s t tw o poin ts, how ever, a re  only suggestive 
and  no t conclusive, since the num ber of experim en ts has not 
been la rg e  enough.
C O N C L U SIO N S
I t  has been dem o n stra ted  by  the  fe rm en ta tio n  of a consid­
erab le  num ber of sam ples of c ider v inegar d u rin g  th ree  sea­
so n s’ w ork  th a t  it  is possible u n d er the  conditions described  
to  m ake good c ider v in eg ar in  12 m onths or less. In  m any 
cases the  v in eg ar reached  a m ark e tab le  s tre n g th  in less th an  
six m onths. The conditions w ere as n ea rly  like those w hich 
w ould  ob ta in  on the  fa rm  as w as possible.
The alcoholic fe rm en ta tio n  w as found  to be n ea rly  com plete 
in one m onth or less and  the form ation of acetic acid began 
in  tw o 0 1 * th ree  w eeks a f te r  the  ju ice  was pressed  from  the 
apples. I t  is p robable  th a t the  fo rm ation  of alcohol continued  
slow ly in  some cases a f te r  the  first m onth , as the  su g ars  w ere 
no t a ll used in  th a t  len g th  of tim e. Thus th e  fo rm ation  of 
acetic  acid  an d  alcohol w ent on sim ultaneously  fo r a tim e. I t  
is possible also th a t  some of the  organism s w hich form  acetic 
acid  d irec tly  from  su g ar m ay have been responsible fo r  some 
of the  acetic  acid.
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A fte r about 10 to 15 weeks a vo latile  red u c in g  substance, 
acety l m ethy l carb inol, w hich is a condensation  of acetic  acid 
and  alcohol, w as form ed in  these sam ples of v inegar. As th is 
in te rfe res  both  w ith  the  de te rm in a tio n  of alcohol and  of sugars, 
some of the  d a ta  rep o rted  by V an  S lyke on alcohol a f te r  sev­
era l m o n th s’ fe rm en ta tio n  are  like ly  to be erroneous.
No p a r tic u la r  d ifference in  the q u a lity  of v in eg ar m ade 
from  d iffe ren t varie ties  of apples w as observed, except w hen 
the su g ar co n ten t w as too low. A few  experim ents m ay be 
m entioned in  w hich the  pom ace re su ltin g  from  the first p ress­
ing  of apples w as soaked in w a te r and  p ressed  again . These 
failed  to m ake good v inegar, as the  am ount of su g a r w as too 
low.
A pples fro sted  or frozen  on the  trees  or on the  g round  
yielded a c ider w hich ferm en ted  very  qu ick ly  and  sa tisfac ­
to rily . The fe rm en ta tio n  w as com plete in  m ost of these cases 
in abou t six m onths. The apples w ere pressed  soon a f te r  freez­
ing, w ithou t being allow ed to spoil. This is no t recom m ended, 
how ever, bu t is a dem o n stra tio n  th a t  apples w hich have been 
frozen  m ay read ily  be used fo r v in eg ar and  a la rg e  w aste  
avoided in  case of an  unexpected  freeze.
In  these experim en ts the  best resu lts  w ere secured w ithou t 
inoculation . This is p robab ly  due to  the  possib ility  of in tro ­
ducing  un fav o rab le  organism s in  the  cu ltu res  or old v in eg ar 
g en era lly  used. On th is  account inoculation  cannot be recom ­
m ended, a t least no t on the  basis of these resu lts. C leanliness 
and  absence of con tam ination  are  of the  g rea te s t im portance.
The use of some device to p rev en t the  sink ing  of th e  film of 
acetic  organism s is p robab ly  advisable, as i t  p rev en ts  the  fo r­
m ation of too m uch film and the accum ulation of sedim ent, 
even if  it does no t hasten  the  ferm en ta tion .
The resu lts  obtained in  these experim ents fav o r und istu rbed  
fe rm en ta tio n  th ru o u t the  process and  suggest th a t it is best 
to  leave the v in eg ar in  the  o rig inal con ta iners u n til the  process 
is com plete and  the  v in eg ar is pu t in to  clean con ta iners and  
sealed against the  air.
H O W  TO M A K E  C ID E R  V I N E G A R
The m ost im p o rtan t and  m ost necessary  po in t in  m aking  ci­
d e r v in eg ar is to use clean u tensils and  barrels. Old v inegar 
b a rre ls  or o th e r con ta iners, as w ell as the  cider press, h a rb o r 
all k inds of fe rm en tin g  b ac te ria  and  m olds unless th ey  have 
been p ro p erly  cleaned and  sterilized . I f  the  fresh  cider is con­
tam in a ted  w ith  these b ac te ria  and  m olds, the re su ltin g  fe r ­
m en ta tio n  is like ly  to  be of the  w rong k in d  and  p a r t  of the 
su g ar is like ly  to  be changed  in to  p ro d u c ts  of no value, instead
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of alcohol and  acetic  acid. Thus the v inegar w ill never reach  
a h igh  enough acid con ten t fo r sa tis fac to ry  use or fo r sale.
The cider press should he scrubbed  w ith  soap and  w arm  
w ater, th o ro ly  rinsed  and  scalded w ith  boiling w ater. O ther 
d ishes should  be well cleaned and  the  b arre ls  should  be thoro ly  
cleaned and  th en  scalded w ith  boiling hot w a te r or, if  possible, 
sterilized  w ith  steam .
The apples should  lie sound, no t r o t t e n ; if frozen, they  
should be used before they  begin to  spoil. The ju ice  pressed 
out should  be filtered  th ru  clean m uslin  in to  clean b a rre ls  or 
ja rs . Cover the  bung-holes of the  b a rre ls  w ith  cheese-cloth or 
m uslin tig h tly  tack ed  dow n to keep out flies. J a r s  or la rge  
earthenw are crocks m ight be used instead of barrels if they 
are  w ell covered so th a t con tam ination  by m eans of v inegar 
flies is im possible.
A ccord ing  to  our experience the  v in eg ar can be left in  the 
sam e co n ta in er th ru o u t the  w hole fe rm en ta tio n  and  is b e tte r  
left und istu rbed . If the th ick  film of v inegar bacteria which 
floats on top  is d isturbed  and sinks, a new film forms, probably 
delaying the progress of the ferm entation . The more im portan t 
ob jection  to  th is  occurrence is th a t the  sunken  film is often 
sub jec ted  to  a d ifferen t k ind  of fe rm en ta tion , in the absence 
of a ir, w hich uses up  some of the  su g ars  and  produces a d is­
ag reeab le  flavor.
The most active p a rt of the ferm entation, accom panied by 
ra p id  p roduction  of carbonic acid gas, tak es  place d u rin g  the 
first tw o weeks. The cloth allow s the  passage of the  gas w ith ­
out the  possib ility  of con tam ination . A fte r  the  first ferm en­
ta tio n  is over and  the  acetic acid  fo rm ation  h as  begun, the 
free  passage of a ir  in to  the b a rre l is s till necessary  in  o rd er to  
fu rn ish  oxygen fo r the second step  in  the  fe rm en ta tio n , nam e­
ly, the  fo rm ation  of acetic  acid from  the  alcohol. O ther form s 
of b ac te ria  w hich p roduce acetic acid d irec tly  from  the  sugar 
are  also present and are  aided by the presence of oxygen.
The fe rm en tin g  v in eg ar should be kep t, if  possible, a t  a tem ­
p e ra tu re  averag in g  about 65° to 70° F . This is w arm  enough 
to  gain  some ad v an tag e  in tim e over the ra te  of fe rm en ta tion  
a t o rd in a ry  ce llar tem p era tu re , but it not so w arm  as to be 
unsafe  w ith  respect to  unfavo rab le  ferm en ta tions. The b a r­
re ls  or o th e r con ta iners should be p ro tec ted  from  dust and 
rem ain  abso lu te ly  u n d is tu rb ed  fo r  about five to  six m onths. 
A t the  end of th a t  tim e a sam ple m ay be taken , using  care  to 
avoid co n tam in a tin g  the v inegar, and  sen t to the  Iow a A g ri­
c u ltu ra l E xperim en t S ta tio n  a t Ames fo r d e te rm in a tio n  of 
ac id ity . This is a sim ple te s t and  can be done fo r  people of 
th is  s ta te  who m ake v inegar a t home accord ing  to  these d irec ­
tions.
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W hen the  am ount of acetic  acid in  the v in eg ar has in ­
creased to  abou t 4 to  7 percen t th e  fe rm en ta tio n  is com plete. 
The v in eg ar m ay be d raw n  oft' in to  o ther b a rre ls  w hich have 
been th o ro ly  cleaned, as described  above, filling the  b a rre ls  or 
o ther con ta iners fu ll and  cork ing  them  up tig h t. The v inegar 
should  be filtered  th ru  clean m uslin or cheese-cloth in  m aking  
th is tra n sfe r , an d  it w ould be well to give it a fu r th e r  oppor­
tu n ity  to se ttle  and  get rid  of all sedim ent. Then, if  tig h tly  
corked  so th a t a ir  canno t pass in to  the  con ta iner, no fu r th e r  
fe rm en ta tio n  w ill go on and  the v inegar should keep perfec tly . 
U nder these conditions it also im proves som ew hat in  flavor if 
s to red  fo r a few  m onths.
I f  it is desired  to sell an y  of th is  v inegar, the  S ta te  D airy  
and  Food Commission, of Des Moines, Iow a, should  be con­
su lted  as to the requ irem en ts w hich m ust be met. Am ong 
o ther th ings, it is very  im p o rtan t th a t the v inegar, if sold as 
cider v inegar, be m ade from  pure, u n a d u lte ra te d  app le  ju ice, 
un d ilu ted  w ith  w a te r and  th a t it con ta in  a t  least 4 p e rcen t of 
acetic acid.
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